Growth rate of tomato fruits was decreased throughout the entire season when irrigated with saline water whereas water stress decreased this rate much less. Accumulation rates of glucose and ions were, however, increased by both salinity and water stress. The concentration of fruit glucose and total soluble solids (TSS) was higher in water stressed plants than in unstressed plants throughout the entire season. Salinity raised these concentrations even more but the combination of both stresses did not result in a cumulative effect. Osmotic adjustment of fruits was mainly attained by glucose and potassium, whereas that of leaves was attained by potassium, chloride, other ions and a large fraction of undefined solutes. The distribution of solutes between fruits and leaves was much different for the various solutes. Calcium was up to 70 times higher in leaves and Na and Cl were up to 3.5-7.0 times higher. The concentration of K in leaves was only about ½ of that found in fruits and sugars were only 2.5% in leaves as compared to fruits.
INTRODUCTION
An improvement of fruit quality of tomatoes plants irrigated with saline water was reported by many investigators during the last two decades (Ehret and Ho, 1996, Mizrahi et al., 1988; Ullah et al., 1994; Plaut and Grava, 2000, Flores et al. 2003 and others) . The improvement can be attributed to several factors as increase in fruit hardiness, decrease in hollowness, deeper color, better taste but above all increase in sugars and total soluble solids content. Some investigators claimed that this increase was merely a result of the decrease in water transported to fruits, with no change in the transport of dry matter, resulting in higher sugar concentrations (Ehret and Ho, 1986; Willumsen et al., 1996) . However, in several studies, increase in glucose and dry matter content per fruit were also outlined (Ullah, 1994; van Iperen, 1996; Plaut, 1997; Cuarteo and Fernandez-Munoz, 1999) . Gao et al. (1998) showed an enhanced transport of assimilates from tomato leaves to fruits and an increase in their diversion into starch. We have recently shown that in tomato fruits irrigated with saline water transport rate of dry matter was increased, whereas transport rate of water was decreased (Plaut et al., 2004) .
It was thus the objective of the present study to determine whether in tomatoes grown under conditions of salinity the fruits adjust osmotically by enhanced accumulation of organic solutes, whereas leaves adjust by accumulation of ions. This required a separate analysis of transport rates of water, organic and inorganic solutes to fruits, which were calculated using a mechanistic model. The model was described and demonstrated in our earlier paper (Plaut et al., 2004) .
MATERIALS AND METHODS
Tomato (Lycopersicum esculentum cv. Fakulta 144) plants were grown in a PVCcovered greenhouse in sand at the Besor Experimental Station in the Western Negev of Israel. The experiment was designed in 5 randomized blocs, and each experimental plot consisted of 3 beds (3.33 X 1.80 m each), two rows of plants in each bed. The central bed and the two inner rows of the side beds served for measurements. Seedlings were planted during the 3rd 286 week of September at s density of 2.5 plants/m along the row, 48 plants per plot. Plants were irrigated by drip irrigation -one dripper per plant -at a discharge rate of 2.3 l/h. Irrigation frequency was once a day for the initial 14 days, 3 mm of water per application. The differential treatments were then applied and the frequencies were reduced to 3 applications per week. A solution of fertilizers was injected into the water and its composition and concentration was based on earlier findings (Plaut et al., 1997) .
The study consisted of 4 treatments: two levels of salinity (control non-salinized and salinized) and two quantities of applied water (control and 60% of it). The EC levels of the water including fertilizers were 2.2 dS/m and 7.2 -7.8 dS/m, for the non-salinized and salinized treatment respectively. The salt composition was 25-30, 15-20, and 8-10 mmoles of NaCl, CaCl 2 and MgCl 2 respectively, based on earlier studies (Plaut 1997) . The quantities of water applied to the control unstressed plants were 3.0 mm/day in October, then gradually decreased to 1.8 mm through January and February, and again gradually increased up to 4.0 mm/day in May. Those quantities were based on pervious studies. Only 80 -85% of those quantities were applied in the salinized treatment due to lower transpiration rates. Water stress was applied by reducing the quantity of water by 40% at each application.
A correlation equation based on nearly 300 fruits whose diameter and weight were measured served to determine their fresh weight (Plaut et al., 2004) . The diameter of tagged fruits of the 3rd cluster was recorded every 4-5 days with an electronic caliper starting shortly after anthesis and terminating at the turn of color. Fruits were also sampled from other plants at each measurement of fruit diameter. One half of each fruit was frozen and served for the determination of glucose and the second was dried at 600 C° and served for ion determinations. Leaves above and next to the 3rd cluster of different plants were sampled 5 times during fruit development. Fruits at their ripening stage were also sampled 9 times during the entire season and the adjacent leaves were collected 4 times. Glucose content of fruit was analyzed on the juice and using a glucose analysis kit (Sigma Ltd.). Leaves were extracted with boiling 85% ethanol followed by water at room temperature and then analyzed similarly, and sucrose was analyzed following acid hydrolysis. Ions were analyzed according to Plaut and Federman (1991) . Rates of fruit growth and accumulation of glucose and ions in the fruit were calculated using a model, earlier outlined by Plaut et al. (2004) .
Standard errors of the means of collected data were calculated and are presented. The data was also subjected to analysis of variance (ANOVA), and to Tukey's honestly significant difference test, with level of 0.05. Statistical analysis could not be performed on data calculated by the model (Plaut et al., 2004) or on relative units.
RESULTS AND DISCUSSION
The rate of fruit fresh weight increased with time and reached a peak at 30-40 days after anthesis. It was approximately 3.5 g/day in the control tomato plants but only 2.6 g/day in the salinity exposed ones (Fig. 1) . Water stress reduced this rate throughout the season, but it was closer to that of the control plants than to the salinity exposed ones. The increase and decrease of the maximal rates were not symmetric, as the decrease in the rate of fruit expansion was much faster than its increase. The higher fruit growth rate in the control plants was due to the higher rate of water transport to the fruit (Johnson et al., 1992; Plaut et al., 2004) .
Since the rate of fruit photosynthesis is negligible (data not shown), its dry matter content depends mainly on transported ions and organic solutes, most of which are converted into glucose within the fruit (Nguyen-Quoc and Foyer, 2004) . Accumulation rates of both glucose and ions to fruits were higher in salinity exposed plants than in the control unstressed plants (Fig. 2) . Accumulation of glucose in the fruit started at 20 days after anthesis, and gradually increased up to fruit ripening, when the rate was maximal -nearly 130 mg.day -1 .fruit -1 . Glucose accumulation rates were higher under water stress and more markedly under salinity, mainly during the late stages of fruitdevelopment. The rates of ion accumulation also increased with time but only up to 34 days after anthesis, when the rates dropped. Water stress slightly increased these rates and salinity increased them much more (Fig. 2) .
The concentration of glucose and total soluble solids (TSS) of ripe fruits was determined throughout the entire season (Fig. 3) .The concentration of both in tomato fruits juice rose steadily throughout the season, reaching maxima of 5.0 and 3.6 respectively in salinity exposed plants. The differences in concentration of TSS and glucose were not the same in all treatments. The smallest difference, of 0.5 -1.0, was found in the control, intermediate under water stress or combination of water stress and salinity and the highest, 1.4 -2.4, under salinity. This can be interpreted by the decrease in water content resulting in a rise in the concentration all solutes, a net rise in fruit K content (see Fig. 4 ) and a possible accumulation of other solubles like proline active in osmotic adjustment (Franco et al., 1999) . This is probably also the explanation to the larger differences between treatments in concentrations of fruit TSS than in glucose. Table 1 presents the contribution of various solutes to osmotic adjustment of fruits and leaves. Glucose was the major solute contributing to the osmotic adjustment of fruits. Its contribution increased during fruit development and it was higher under salinity than in the control plants. The source of glucose was organic solutes (mostly sucrose) which were transported in the phloem sap (Ho, 1996; Plaut et al., 2004) . Potassium contributed 30-40% of the entire solutes for fruit osmotic adjustment and was also transported mainly via the phloem. Its fluctuations with time and among treatments opposed those of glucose, namely decreased during development and by salinity.
Chloride contributed only 7-13% and probably reached the fruits via both phloem and xylem. Osmotic adjustment of the leaves was nearly entirely by ions, out of which potassium and chloride were predominant, and the contribution of sugars was negligible. The contribution of miscellaneous compound to leaves osmotic adjustment was much larger than in fruits. This fraction probably contains anions needed as a balance for the cations present in the leaves.
The retention of solutes within leaves and the transport of others to the fruits is well demonstrated in Figure 4 . The high retention of Ca in the leaves resulted in up to 70 fold increase in concentration in leaves as compared to fruits. The increase in this ratio with plant age indicates a continuous accumulation of Ca in the leaves but no transport to fruits. In fact, the exclusive transport of Ca via xylem and the limited flow of xylem sap to fruits, shown by Plaut et al. (2004) , are not sufficient to bring about such a high ratio and there was probably also a retention of Ca within the leaves. The increase in this ratio under water stress and salinity are in agreement with those findings that xylem transport to fruits is further reduced under stress conditions. The ratios of leaves to fruits Na concentrations were similar to those of Ca, but much lower, and can be interpreted by the ratio of phloem to xylem transport to fruits, indicating that Na was transported mainly via xylem. The ratios for Cl were lower suggesting that it was also transported via phloem. The increase in ratio with plant age indicates, however, that xylem transport was dominant. The concentration of K in leaves was approximately half of its concentration in fruits and the changes in ratio with age were minimal. This suggests that K must have been transported via phloem whose relative transport to fruits was constant with time (Plaut et al., 2004) . Sugars are exported exclusively via phloem and hardly accumulate in leaves so that the ratios of leaves to fruit concentration were extremely low and even decreased with plant age. 
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